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Abstract of JP2003272860 
PROBLEM TO BE SOLVED: To provide an organic 
electroluminescent element with high brightness and long life. 
SOLUTION: The organic electroluminescent element 
comprises a transparent positive electrode 2, a negative 
electrode 5 facing each other, and a plurality of light emitting 
units 3-1, 3-2.. .3-n. Respective light emitting units are 
separated by electron generating layers 4-1, 4-2,...4-n 
composed of at least one layer. The electron generating 
layers are made to function as electric insulation layers having 
specific resistivity of 1.0*1 0<SP>2</SP>[Omegal*cm, 
preferably 1 .0*1 0<SP>5</SP>[Omega]*cm. 
COPYRIGHT: (Q2003.JPO 
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tt«6nT*»). R«flf&£II*U. Ox 10' 

■fc^MPFKfcHT, &«ffifE4B*U. ox 1 0 s Q 10 

#a£-f Suffix Ko;U5*y-fe>h* : F. 
[11**3] tt*JJU*fcW:2E«©*«xU*hD 

[W**4] ff**i75£3BSt©*«xi^hn;p 

(a) <^>fl:#5 L >->^^5. 7 e V«fc9/hS<. 

(b) (a) o&mik&yi tmt&.7ifc& \z&z>f£fa& 

«S#X«fi£l*>5fc9, WE (a) f&ftt (b) 
# t <DmT'mitM7cRfe\z J; ^SfiB^WlS LT 

[fit**5] |W0i4B«O*«xl/irhn^5*y 
tVh^CtWT. (a) ^ASJU-^TSX^ 

Htl] 



(5£(K Ar„ Ar.RtfAr.te, ^tt^ttffiiLKg 

[lit** 6 ] »** 5 tetCfil U 2 h a * 5 * y 
t>h*ft«W. m«f5!41*«l^-rs (a) Ji£# 

[f«|7] |*|6|!t«)*ilWhoA5*9 50 
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T*47U-^75>{k^«*«o-NPD. TN AT 
A. Xtfn-TADX«Xtfn-NPBT*^.*«XU 

[■1**8] »3jaME*©W«xi/*hn»5*y 
-b>h^!Ci3^T. *«»4)ift«H*-r* (b) fttt 

[»**9] «#*4Ee©*r$xu? hn*s*v 
-b>h5g^ltfeUT. «flff8£II£#Sfi&-rs (b) ft# 

[ffl!**10] «*fl(8Et©*ixi/^hn^5* 

=? f - A^»ffiXtt U— If- 1'- fc i o TsKBI 
StlTOiSWffixU^ha^S^-ytVh^. 
[ff^f 12] «*«4E*0*«XW^hD;P5* 

ifcfC. K^i^SJCiOS-^-y-y h©^fflg&©)fi 

»c*oiBc J i t ffat«»**t"* s Pff»**»i«bfc» 

[»**13] **J*4E*©#*xu*hn;u3* 
yfe>h* : FCfe^T. 3ffifS£g£«B5cT5 (b) fi£ 

[»*«i4] i^4iat©fixi/^hD^u 

t-T -5 %$X £ h □ )V 3 * y -fe > h . 
[»*«15] 9*«13Sfc»14IBf»filU 

T6 (b) ^©tIWJi { Th77WD-fh7-> 
7 S*/*J*9> (4F-TCNQ) T&SW^Xl/i' 

[«**16] »*3aiSfttt2EiO#lil/n 
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3 

;n»ua«. 7;u*'j±a**atfft±aftRo3'6*» 

£i!iR£nfcia«±©&Jga^te£W&xU£ hn;p 

~ l Ota&5tHH' ho;R^'vt>h^. 
[»*«19] «*«l*fctt2B«0*«Xl/^h 10 

»£H0|»««Ctt-r*l£UT. 7;P#'J&B. 7 )V 

*»&fc6BtJPtf»5 nm6lT©l*tf'U K5nmOT© 

Mtr««?ift&*'t'0«?flfc& 

[«*a2o] mxmi %rz\t2tmo>GM*up y 20 
D;u5^-y-t>h^ : Fic*5^T, rnytz--? hit. m.m 

(1) 7 )V13 7;fc&'J±«£JM , :*>R 

(2) ±12 (1) KBB«Sn*#**««#+C^Sft 

& (1) ©*r«8&s®fc^#H±K8MtUT. *©«s 

«XU£ bO)lS.^y±>bm^ 30 
[i*S2 1] «*JHl*fctt2E«0**xU^h 

(1) 7Jk&u 7;i/*u±a^R'r^>s. 
tf*±«&JB^*>©5S©'>fc<£fci«££tfJR«l 

(2) ±12 (l) KE«*n**«fl:^*t:**tis* 

(1) ©*itwt^«**i±»c«»ixT. *©«stck 

£CJ:0 4j*-r*fiJ6:£j*Ji£, *S*li*3n*#«x 40 

2 2 ] »*Jg 2 0 75S»*« 2 1 f2«©#$ 
XU^hDJk5*yfe>h3frfC*^T (2) TffifflS 
ft*J»«5cttfcllW«. 7^5 x* A. vjlo-^A. -> 

C»*jS2 3] g»#«iiB«©«r*Bxu*ha;P3*<;/ 

LT. <«*«!;:) 50 
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(1) W«fcSfci« : F«4ttF-/t>hfcbT«M- 

(2) 7J^UM'T4->. 7;i'*'J±a*B-f*>X 

tt#±a*B-f*>**ffi«T?*mca7cL5*ii«i7c 
tt&s*. r )vu 7)vjjv±m&m4* 

#fc$JI^#rt:S®£^Tfc*#«&JSI&#£*ff± 
-t£*$XU? M3^5*yfc>HM% 

HMi«K»f*JitUT. (K*MK:) 

(1) *«4t^«jt« : Fft#ttH-^>htbT«IB-r 

(2) 7*#'J&)B-f *X 7;P*'J±a^S-f*>X 

a»±a*B'f T'&m\zm7c ^ste 

n&m^jistiv&mu-y. 7)vin)±m&m-i*> 

[»*I2 5] «*m*fctt2IB*0#«XU*h 

4tiiH'hDJI'5*yt>Mlff. 
C»^2 6] »#«2 5B«©#«xl^ h^,l^3 
*s/■fe>h3!^ ; P^:::i3^vr, *-JPaAH + 0^r*«*JP 

*©*;Wfc**«. t*ft^«l:»l/TO. 0 1-10T 
2 7 ] «*JS 1 *fctt 2 12«©W«X h 

5&SNJI3 0 nmftTO*-;HtA)i**-r*#*x 
[ffifJB2 8] «#*l*fctt2B*©#«xHH>. 

[»*«2 9] »*)Il$fc«2l2m©#«XU-i7 h 
«3te©«fa£tottfcJ:oT«3fcfi*»afcT*a*«XU 

5 % t^—o<D%%a.- y b-hm^mm^ 
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[«M3 2] *#*i*fctt2E«©#«xi'*h 
DAS + vtVUIffC^T. fe&lfS«£^©T® 
©ft»X U 7 **ft U fc«»T*0¥B*rt C«a t- . 
^©K»**rtC «^»»1K©i&i£¥I)©T£f::<iB 1 

a-e-r. Kft*»*«©«i^ffl£iit«-r*aA©ft* 

EEL, MISPWSMI/. K&§§flS&© 

V tWK9^iM«M^WM1fi lOOOnm 
(1 dm) £j@*5#t8XU?hn;P3*y-t>l^ 5 
?. 

ffltS3 4] |||j|WSl*£H2E«©*rtixH7 h 
D^5*yfe>h*^-»w*J«r>T, &»*E#2 5 ViO 

MM3 5] »*J«l*fctt2E«CtilU*h 

£JLTflMMft£A< *>l/<ttftS«S*l6lOt**6*> 
-3SFlU©»C**«»iT?*. *©iS#flK:iifT-r5Jtett 

DJUS^y-fe^bSti^^T. sR^rtW^^fiH^ 
ft ft K*BT* 5 mmx. V V Y □ ;l/ 5 * y -fe > h 

[»9I©B«&RW] 

[0 0 0 1] 
[0 0 0 2] 

«t©MK. #«Mtd**6*«**l**T**«E 
LJTFtt. ifi¥. ttftEEKft©*.!!!****?****" 
£*>©£: UTttB£ftT<,>£. Tang^li ^f©S5 
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lb, *-;ut«W*ft*ftlMi. &ffi«fc9A'y>X 

j:<SASft**Ht£u u*»t>«i»sti»a^**ft 

2 0 0 0 AKTtJ"*£fcT. 10V 
eiTOWJJDttEf 1 0 0 0 c d/m'tnSif^l 
«©£ffl{ti;:+#fcK*Mt ££k*s&l- 

f: (Appl. Phys. Lett. , 51,913 
(1 9 8 7) . ) . Tang&Olfff 
5 9 - 1 9 4 3 9 3*tt«. #M036 3 - 2 6 4 6 9 2 
*t£«. #Bfl¥2 - 1 5 5 9 5*5^*8, *H«WJB4, 

5 3 9, 5 0 7^iffl«. ^4, 7 6 9, 2 9 2^f 
HQ*. 11^4, 8 8 5, 2 1 UtEfflft) ©&frT©E 

«c«kfttf. ry-Ht*v- Ffc**ftfc*«i^# 

©K»*l umJ^T^-rSdiT-. i0<£^ffftl«ffi(c 

SL<fcKBIJP£l 0 0 0 A~5 0 0 0A©*SH<hTft 
«2 5V«T©Wln«E-e»3tt*a*K:#ffl&«» < v 
/cm) £*i<=>ft5, tlxTV>*. 
[0 0 0 3] TangSat, *«■©«***< LTB 

"bE«SftTt»**t 1 9 6 OWCHe 1 f r I c h 

6 #7 >h 9* (EL) 

ISIC, tt&S?®4***&5%©i«^te£#LT^fcK: ! b 
J*)fte-f, BftSEECl 0 0 Vl£ft©£5^«EE«:ELfc 
fc». H*tbTttv»*HI**lM»* (W/W) L*ff 
6ftftt»t*5BB*SKT*fc*T**tUTt»«. 
*LT. «S*«lll*-r*#«EL* : f-©«Jfittt. »§»" 

7/-b\ *-;msa <na> (ft^ftsittsfrr 
4) ftftn. *v-Htv»5«ic«i*ft**i«ia"c 

*0, ELlH»*ttW<t*5X10-' (0. 0 5 
%) £#;tS *>©•?*£ fcbT^S. 1#MB85 9 - 1 9 
4 3 9 3*a«Ctt. EL«?»*ttt. r^Stfc^gP 

BBTraHtaft**? (ft) ft? (ft) 

/&<DMZ*L». J tEftSftT^ft. SSjSiCis^ 

T (-m*Bfittft*»6©3S**«ffl"^"*) ^ft^ft^ 
WS-^fflLfct^C, Tan g ^©tl^LfeSKWiS© 
E L x/W XT fcK*? 5 % £j@;l-5> fc ©#|EIC 
S^^ftT*3 0, 3 (HMBiie^ffi*^©^^* 

2 0XtjfitJ*^o*«. Kft^^tt^lSt'x/W x 
©^CftfflSftfc^R^^lHISftfct)© (fl-SBS? 
g!l*tl*tfftTt»5) -e&zifi. f/t-f XrtSB-C^tL 
fcft?fttt-?-ft«tO^* i ir#<. rtSKM^^toflfft 
**©»*tt^«ftfl»*«)«5»ifiV>t^**ftTV> 

5«®tt©i"i±©*. tn-otz&tfi&z. z.<r>mz. t 
so x©w*ctt*t*»tt. m^tDm^tzmm^m^tL 
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[0 0 0 4] £©*ft«*©#«EL* 

JtmM»©«j<*Ttt. Sir^X^Hffl^ 
g<h£tt£ 10 0c d/m'*fi!g|[©|fSTi^ J f'< 

i ^i*iiii&fi*.**i*#«38«ai**n*cs-3fccr€f 

f >.. »WfflJfe»T?d&.Kt 1 0 0 0 cjl/m 1 ~ 1 
0 0 0 0 c d/m'SflEOHflE-C^ffli^Btt*^** 

*U>£Sn. *»£■*■© J: SfciMi*. fi*ffe©W8l 

Hm.ftftZ%Z>1ttb\Z\Z. »10mA/cnf*6*l 
0 0mA/ cm' CiiTSJStt»!B*£g-r*£:^'5& 

7Jc d/m'it^i. tfaAMf/HX©i^t 20 
-tSai^LEDittKLT, Jt«»*3ftRBSx/W 

[0 0 0 5] C©«fcMBfi:*H,T. #5l¥ll-3 2 
9 7 4 8^a* (#J6*BMMIF6. 1 0 7, 7 3 4^ 

#«ffl^*c:t39«m*a. J £E*a*iTV»S. l^L 

tt«ii»aiflnc«ffi««aiiinsnfci:*Pi«s©sEa-r-B 
»cmoTjsj«*tiTt»a«^ctt cratfos. swim* 50 
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*««T**i4r©Ks:ss«*fiii^*»«*-r* c & Kft 

a (# H¥ 1 1 -3 2 9 7 4 8*t&«) Cte rit>fHJ*« 

mmmmzKwzftm2itz>tctt>\z> 1 jimj®©BSj?£ 

-5. t^ST-fxTtfEftettT^S. CCD 
*^Ctt. IMOltJPtf9ft0*WEL*?0£3C 
0. 1 Mm (1 0 0 nm) ggTfe-Si:. #»r;**lTtt 
ft 6 ft * "C KM MfeftRI;: J: o T# 

»r£*lTL£5©T\ JHR (l/tm«±) CLtfcigl 
fctiSHH (-je»CtDy^i:l*«tl^Po1@) SEC 

ttff^'f >©««»»Wf*l»JI:UTt»5. C«i§£. - 

ffll>5i<!:«S:Htf*t)*\ ri tf mS^Jp2rW 

i/T3j»oaitttta3i»tt*#r*iBisiift»Rj 

jgfiK l & tttttf ft e » t ^gtt^fe 0 . >5 x 7 

•v ^©ffiTtejgtte.tift^. 

[0 0 0 6] £7c. *58«H#6tt. #K2 0 0 1 -2 2 
5 8 4 7^1flC*HT. ^©^T&ELJlti 1 
-rSBfta-y h («*©W«EL3lS^*«rtr*R* 
©55. ftS^MS$|»tr^«ldcS«) **2fi£U:©« 

tg-r*s^ftgc«toTtt«)enT^5c:t*#afr 
Eaiftiitidlrtn*jP3;frmicfe. iB*Sitt>«fl[|g*t* 

tttt«J», Att»fcttJt«St*« 1 . OxiO'Q-cm 

fc. L*>Lft*iS. fflEttBB¥l 1 -3 2 9 7 4 8*tfc 
*£Bttfc. i©|Rft#«*©S^ <tt«tt©«lr») « . 

IS] (SfiCWtoSfi) ^©^HttlCioT%7 l cXU7 

\Zs 03 8 (b) C^-fct^fr, »ffi5 5i»ffi5 2*« 
tfeC2mmfi©^ h^'f 7&VtV, StWCtt^Hf 
*#XU7££H««©2mmAiE2F 
(□) Cft*J:3*BIUT 1 &. ««ffiS5 4«*»fa© 
ZmmfilEfiM (□) Oi>J7£tni:#«ElTl^t 
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■5. £©^cDfg#ttffi£7rf¥«£0 3 8 (a) Ktk 

12 00 1 -2 2 5 84 7*9I««©JMMllfc;feHTfT 

fcSUET Bfa©»JfcxU7£IW©(lP«Hfc* 
*ti->tH-^* (2mm^M (□) ) fc&fflL 

7Kgfi©t|£. ft»3fca*©ffl©ftS-e, &a*m®£ 

mmzfto. *«B*ici5it*£atts#«-rntf. -r© 

h©ft"F*JB<©T#*KfcH. 
[0 0 0 7] 

[fttfXflt] #^835 9- 1 9 4 3 9 3^4i« 
&B8B86 3-2 6 4 6 9 2*t:K$B 
#S?¥2 - 1 5 5 9 5#a* 
*ffl#ft : ^4, 5 3 9, 5 0 7-5^*ffl# 
*HftfFSg4, 7 6 9, 2 9 2#9i«» 
*a^ff^4, 8 8 5, 2 1 1^fBJ3iffl# 20 

[0 0 0 8] 

t>OT*0. -tOItttt^OWWELJlf^TliJtrtH 
iBfc»*J:<5fc«ttCilftttl*. Pff^ftW. ttCBff 

«fC (*JtxiJ7««©Jfca©) ->Y K-V*Sr©*» 
iSOr-f ^ T'lz-f ©41l^i:*3^T fc, fkmy-OB 30 
WTS) aMfe*St©»jfct>*RT*:>T. S£^T. M 

[0 0 0 9] 

«*w*e©a«. tfia-r &ns«ff£&s«ff©Mi£?¥ 

ST-5«S:©^3trLn-y hd*. *-n-f*l 1 . oxio' 

Q • cmHL JfSL<ttl. OX 1 0 s Q • cmEU: 40 

©ttfiin^WTS (£TF, uCttS* *mm*g»tt©' 

s©#« e l m?T'\tmm**im-z$>-3 fca «r»*?a* 
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***ifc±T©B (58*axy ht««r58jfeji) 
[0 0 10] f *»«OtiEL«?tt. ttft 

•r*i!&s«stiiffime©rac, 4>&<tt>-ji©&ft 

■P. ^«ffifS4Jf ri* 1 • OXIO'Q-c mfiU, 
Kttl. 0X1 0 s Q • cmK±©Jtfi«[^#-rsm 

■ <bl. 0xlO'Q-cmK±©ltfiS^fmg 
ffi»tt©STS5. 
[0 0 11] #9§*ffl»K£UT. r«3ta-y hj £ 

£&a*HB*#U S£*^W«ELig?©«ififeS3ll©5 
%RHnS2:MWf«Mi<r^K9K«»-r. Sfc. r« 
ffifg£Bj 1. Oxio'D-craKi, ff£L 

Oil. OX 1 0 s Q ■ cmPi±®ltfiJn$*t5iS 

-r 5 sws^fc-ri © z. t £m ^ . 

[0 0 12] **WO#*EL*?t*V>T. «ffif££ 
■(2, *&«2aa©4feK©aBttXiia£B£>&& 

j&lt&o. !«*»»«#+© 5 ^ajk&^^tfa 
nn^t-ttnenttfi^Fifii t na^fii'vgnft-rs - 1 ic «t 

[0 0 13] £fc. *56W©^r*ELSS^C*l»T. 1 
lW58*a»i (a) -f*>ft:#T->>"fJl'*»5. 7eVi 

*ft**fttf (b) (a) ©#(IMfc£tt£KflatfcE£ 

*»6tt*«l#X»4«^Ji*»6<c«3. DftG (a) 
(b) ^» t ©R3Tgf {taTcKfSt- «fc -5 m^ift^ft^ 

tjj»a*L^. (a) rt»©#*ft^«©'f*><kJi«T- 
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>->y;W<5. 7eVK±TWt, (b) 
£&fta7cKf££ecTCl£ri<gtl><&9. i^mwic* 

[0 0 14] *6C*#WfcH:. (a) fiK#©*r$ft£ 
<&W7 U -;P7 5 >it£®-?$> 0 , -JRSC (I) : 
[ft 2] 

T 

Ar, — N — Ar 3 

(A4». Ar,. Ar.ayAr.tt ^tt-ftlffi&fcfi 10 

£7 U -frT 5 Xt^OMt LTli. fcCRfcttfc V> 
*», ^I¥6-2 5659^i. #$§¥6-2 0 3 9 
6 3*4i*. #M¥6-2 1 5 8 7 4*&«. #H8¥ 7 

- 1 4 5 1 1 6^*, #W¥7 - 2 2 4 0 1 2#& 
ft. fcW¥7-l 5 7 4 7 3*£«, f#BB¥8-4 8 6 
5 6^&ft. »HT7-1 26 2 2 6% v t. #MT7 

- 1 8 8 1 3 0 8-4 0 9 9 5 *t£ft, 
#P§¥8 -4 0 9 9 6*t&ft. #M¥8 -4 0 9 9 7# 20 

#B8¥ 7 - 1 2 6 2 2 5 *f &ft, #IN!¥ 7 _ 1 0 
1 9 1 1 4#M¥ 7 -9 7 3 5 5 *a«KH*;£ 

n.T^-57U-;u7 3 >{t&mmiflff * k . #j a. 

N, N, N' , N' -fh77i"Jl'-4, 4* -v7 
5 /7irjk N, N' -v7x-Jl/-N, N' -v 
(3-^f*7in;W -4, 4' -v75/t*7xX 

;k 2, 2 -fx (4-v - p - h u;U75 y 7x~ 

;W 7"D/1>, N, N, N ' , N' -fh7-p-h'J 
7P-4, 4* --7757 £7x~;k fX (4-v-p 

- HUJl/7S/7ir;H 7i^/^>, N, N* - 30 
v7x^JI/-N, N ' - v (4-^h*v7iz;W - 

4, 4' -S?757 f7ir;k N, N, N* , N* — 
f h77i^-4, 4' -y75/i?7xrJH-f 
7k 4, 4' -fX (-77xn;k75 7) KU7. 
x~jk 4-N, N-v7x~;k75 7 - (2 -y7i 
-JUt*-;l/) 'O-fcfX 3 -7 h*->-4' — N, N- 
y7irjl/7S 7X3Mk^>-t?>. N-7I-MM 
»/-;k 1, 1-£X (4 --7-p- h'J7 = y 7x~ 
710 -y?D^>, 1, 1 -f X (4--7- p- t- 
U7S/7XZJW -4-7x-;i/->7P'\^1t>, t* 40 
X (4-y^fJl/75/-2-/^7irjW -7x 
-;kx*>. N, N, N-hU (p-HJ;P) 7 5>. 
4- (v-p - HJ;k75 7) -4* - [4 (v- p- 

Mj;k757) x^iuio X7Mk<>. n. n, n* , 

N' -rh77iZ^-4, 4' -v757-f7x~ 

)VH-yx.~)Vlj)Viv/-)W 4, 4' -fx [n- 
(i-^7^;p) -n-7x-;p-75/] f7ir 

7k 4, 4' ' -h'X [N- {l-i-y^M -N-7 
x~7l/-757] p-?-7ir;k 4, 4' -fx 
[N- (3-7tt7f-W -N-7x-;i/-73 50 
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7] f 7xrjk 1, 5-fx [N- <i— *-7^;w 

-N-7x~;b-75 /] 7"7^ b->, 4, 4' - f X 
[N- (9-7>h'JJl/) -N-7I-A-7S;] f 
7x~7k 4, 4' ' -fx [N- (l-7>h'J*) 
-N-7x^;U-7 5 7] p-7-7x~;k 4. 4' 
-fX [N - (2-7it>MJM -N-7x~;l/- 
757] f7x~7k 4, 4' -fX [N- (8-77U 
:*7>7^P) -N-7i^-75;] f7xn;k 
4, 4* -fX [N- (2-tfUrW -N-7i^ 
-757] f7x~;k 4, 4* -fX [N— (2 
|JU~;|/) -N-7x-;p-75y] f7xn;k 4, 
4* -fx [N- (l-na*:^) -N-7i-*- 
757] f7x-;k 2, 6-fX (5>-p-hU*7 
57) 7^7^k>. 2. 6-fX [v- (1-^7^ 
M 757] 7"77k>. 2, 6 - f X [N- (1-7" 
7tMI/) -N- (2-7^7^) 75y] 7"7*U>. 
4. 4* ' -fX [N, N--7 (2-7^7^) 75 
y] 7-7x~;k 4. 4' -fX {N-7xn7P-N 
- [4- (1-7"7t\M/) 7irM 757} f7iZ 
;k 4, 4' -fX [N-7x-JI/-N- (2 - f l/- 

;p) -75 y] f 7x~;k 2, 6 -fx [n, n-v 
(2-7"7t^;w 757] 77k*u>. 4, 4' * -f 

X (N, N--7-P- MJ7k757) 7-7x~;k f 
X (N- 1-7^7^) (N-2-±7t c ;P) 75>. 
Tf2<Di£ : 
[ft 3] 




T*b£n*4, 4' -fX [N- (2-7"75 L ;P) - 
N-7x^P-75y] f 7x~;l/ (a-NPD) . T 
IB©j£ : 
[ft 4] 




T^b^nsxf D-NPB, TIBCdiC : 
[ft5] 




( 8 ) 

13 

-?*b£n5Xtfn-TAD, TE©j£: 
lit 6] 
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-C«t>*tX5 2-TNATA^tt*^*-5. SSlC, 

£#lte#7XiS£#*#9 0 < C&±T;&£7'J-JP7 3> 

V>. ±E. a-NPD, XhTD-NPB. XbTD-TA 
DR^2 - TNATAB^7XgM* 5 9 0*C6U:T& 

[0 0 15] *56WO#«EL*^C*t»T. «^f§£ 20 

#£*&**-:*©*««. K««f!E£Ji»;:B»-r*3e 

Tt><fcH. *fc, *--iHljiJI#±E 
(a) *#T**7'J-;P75>fl:^«*»6ia*©*«» 

[0 0 16] 

KK9ITS. *38H©#«ELjmt. MIB©J:3fC. 
H^©#^EL*^©»*«jgT-*^HS«1i/^7tn. 30 

=.yh (^tt<tt>-JI©56Jt»**tr. il:ti«f* 
&J4**T-*ttlc2«tt±©M«ift*#"r4) /IS 
ffi«ffi©5tS. W«ICi**nfc$B*:ii:y htfftftfl 
<2flfiU:) #£U y haWl. 0X10' 

Q • c mJK±. JfiKttl. 0 x 1 0 s Q • c m£t± 

©tt«ft*rr*«««*tt©*»*£ifc±oTttw 

[0 0 1 7] £*©:£« EL HltC^-Ti^ 

ic *-o«*3.=yi**»Mci**nfc«at«coT 

£0. RSfl*&«? (e" ) . RHM*e*-* <h 40 

£Ab«%-r«. CttCWLT. *$BW::.fc**«EL 
Smi. H 2 3 C. ««r584JIK:J;oTtfc«J& 

ufc**oTa*©*3t««*siBT584-r*. 

[0 0 18] *RH©*«EL**C4ttvt. «*38* 
■ t»«-r4*MSftl/Ttt, OXIO'Q 
• cmHl. fffSKttl. OX l 0 S Q • cmHiT 



1^12 0 0 3-2 7 2 8 6 0 
14 

©M*««5 0S6**|T**t. flE*UfcJI6*«««r*4 
l^Mjg-r-SISlciRiRSn, «R©563ta-y hSWb 

•5. ««f38t«S»*-r*#»tt, ±E©ltigJn 

tt. 1MB© J: 5 K, &fc*2»8©4&R©M#Xttig 

littMM&bTfco. S?*;!'* 
■6ni!MI*l^tlS«*l^^»» , r*^i:CJ:0. MB« 

«r«*ii©»s«c«-r*«3ti-y h^*-^sax 

U ««f5fi*H©|lli«CSS-r*3e3ei^y h^*?* 

aA-r-5t)©T$.-5. 

[0 0 19] WE©<t5H. *»W©*^C**t**«f 
fg£Stt, (a) T**7U-;U75>ft*«t, 

(b) K7'J-;U75>{b^«t»{kJKcSJ6CJ:oT 
««TfMMIK**»J*b5*ftK (JIHi**T%>. #«Wt 
^ftTfefiH) t©M#Xttfi^HT**©3W»aT 
**. E3H WE© (a) (b) fi£#<7>«!<fc 

Tf**«#38*JiC*»-5««»»*#©»J«a:«ffBl 

4. 0414. WE© (a) (b) fiE#©iI 

[0020] ««f«4Ji*«idE-r*2a«©fl; 
d 2M©fbfc«*VMven 

*«T»i. Scft800~2000 nmO^MWCfi 
iRX^:? h;p©t:-?£jj*s&^a*, 2«jg©{fc£$l© 
g^-KTtt. SEfi8 0 0~2 0 0 0nm©i5^Sil: 
KiR^^f MKDfcf-^&D, 2 WBOfcfcfcWP© 
«^»« 91* (feKBJE*) tbT 

[0 0 2 1] 0511 7'J-;P7S>fls£*Tifc.5 2- 
TNATA, a-NPD, X fcTD -T - 
NPBi, V,O s (5KfbA^-y?A) ©-efHPttUMifi 
T©KiRX^^h;k R^fi-7'J-;P7 5>{k^t5 
Sft/t^-v^At©g^K©KJRX^^ h;H£5Vt. £ 
©H*»SW64»at*0. 7'J-Jl'7 5>fl:fc»Rtf5 
Kft^'^^C'Att, ^fflT-t4iSfi8 00~2000nm 
©iE#*MR*l:: tf— ^ ftttS&frttf. 7 'J -)V7 5 WIS 
^*t5»ft/tty9AiOl^Wl K18 00-2 
0 0 0 nm©ifi*ftfc«lcH*fcfc!-*ft*U ftttf* 

6tt. 2 - TNATAt4 F-TCNQ©-f-n-etl#I 



s } 

( 9 ) 

15 

PDiRe.O, (imtlU-VL.) ©jg£BS©®iR7. 

li/hfrtfi. ^©^©^©©iRX^ h)V<D 

T. m3©«rfcJ4!RiRt:-i'*W^«««8 OOnm 
~2 0 0 0 nm<D(a@iCg$iSnT*5 0. #f£f3#e>© 

aw-m. ttS£gt+T»ai-r*Ej&©aF«Ea«. ftma 
jw*K*tt*ft^»£^«fcT*a*fcK#T**£ . .. 

[0 0 2 2] «wc«ht. r^a--y Kj ttt. 

rft*©#$EL3rF£«srf5g5Sij iLTtt, 0H;t 
tf, (HMD (RW) . (HMD 

(.mm , (hmd 

3fc«/«^fti£JI/ (&«) . (HMD /*-JM*Aft 

(Mia) &£***»f&n*. **wkj:**«el«^ 
cioTtt^^tiT, a& (2e^±) #£T**>©-e 

ir»T"bJ:<. *-;i/ftAa, ft 

?<tl&JI. ft^&Al&^Kffi^-SftSC^Tfc. w 

tMi8ttft<. a*cns©ao»rt»cffl^6nfctt* 

ttftot>©3jt«fflsn. &«©&##**. gift 30 
[0023] mmmtimtbTte. 

©/h£^&JB. *fc-tns*^«l^ft. ftVOMtlbftdt 
ft. Mg. Ca§07MU±gfI, Eu^Of&±|R 
1, Ag. I nft£©ft£fc£*H*tf&ft*. * 

*B9i#s*«sasLfc, ft«at*ast©^ii»c^isH 

017 1^1. #§H2 0 0 1 - 1 0 2 1 7 5*t&ffi# 40 

so x*tt. »ftatt»«tt#»-e*fttf. *©tt*Hft 
ftottR»iffls. WKtttftsa^. sfc, naicM 

9§#SjW#H¥1 1 -2 3 3 2 6 2*t&$8Rtf!l#M2 0 
0 0 - 1 8 2 7 7 4*a«tlB*Ufctta*«JBLT. 

aaftafca-rs^raftST^uftB-f*^ 
u±Mftvw *>Rtf#±s&R'f *>©*&< tt>i 
as**rr-5wa*R»#ft^«c J: oaft-r 

fcft5cU5*£R. «*tf. A 1 . Zr, Ti. SiS 

t*o (i^fiTctt) &a. t>ix<«;:n6o*«*d*rr 50 
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*^4*a«att»tuT«ffl-r*ctt)T?*<&. cti 
*nftfttt«oaA*&ff*i». 

[0 0 2 4] »a«atm£LTtt. WZMWUZ 

fc<, I TO (<f>S?£A •TfRflstt) . I 

ZO W>5?«>A-SIBftfl:«) fcfc*<D»9i»ft*roS 
.aft-fcfti:.4y&Tft*. 
[0 0 2 5] 3£lc. £fcElX*S6«#S*<ftB2 0 

0 1 - 1 4 2 6 7 2#Wft»K:E«Ufc*fe*«l»T I 

To«K*#aacaa©«s^«k5/«txAy^u>^ 
ic«tt>Tff5«^tt, mmtmmzftMw-i 0-270 

1 7 1^4i«TE«**lT^**RK-tr>^anfc# 

SASicfflnntfiiao I TOt I ZO©i 
535Kft9W«*W»*fta*rt»K«fflr * - £ fcffl**. 

Ksa. »aow«a*awtUT (#«sKt>« 

Sftt>lb*SU ±*©-|Rttfc#«EL*F©«*i 

%%5A/?raTft«. *&, f&,mmmzmvT\m?L 

[0026] *58wo#aEL*^tt, ttfl-r sagft 
attta«aomca*a©«*3.ziy nfe#b. &^ 

3ta-yh*U. OXlO'Q-cmKl, tff£V<\t 
1. OX 1 0 s O • cm«±<&tttttt£«rr6fttf3B& 

■cj:oTtt«6ftT^*itf. aa*i»atm©a*. 
t> l < a^-neftaicti-rsftaaLAftoftftttic^va 

[0 0 2 7] frL^ft^aiftiwrs+awowaEL 

r^^iilKT'zl^^n^m^ (ft) ft? 
(ft) /#©itj T*5ft : F3Bft©±IBtt. SH±. 1 
(=10 0%) T-$>?tztf. *«fll:J:5tiEL*? 

n-5*-;p (h + ) ttAtt^ra^aroaft^ft 

<«HOMO. . . ftA$£#l£) ^6.©ft7©9l«lk 
^CcfcS, 5y*;P*^*>©ftJ«**»LT*0. ft 

«5S4i©fta(»iic«-r5i*a^i--5#«^K©fiE 
riE-rs^ratf^Btcftftft (tiKHLUMo. . . a 

t£m\Z&r>Tti:®t>tltz&5ZKn-=:y h©M7Mft (C 

©«^tt&^3tn.--y h« (ju*i*jb) aa-rsft^- 

(ft) /S>£, ft»*a=sr h*»6ftaijsn*3W 

(ft) /^oftt^isn^) ©«»*». *%w©*« 
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0. **«©#« EL Jim*. fg*©*4tEL*?«<tt 
^JB»«C*oTit?<JfC»iK$nTV>5ttJltlHlK 

W) IMMUOKMEamTH*©"?. tt«tl,Tf£*Sl 

*JMt»tt©iBtt»JK7*/X-f X t LT»f^pI 

[0 0 2 8] fcSSA/, *»i|i©*«EL**tt, 1 
SMUtl. OxiO'Q-cmHL JfSKttl. 0 
X 1 0* Q • cm^±©it&ft£WTS&&te#jft©*. 

«EL***t«ft (nil) . *5>lfc»tt**l&*»©ri 

m-znzn&mTtt (vn> ©*gfo tv=vi+v2 + 

+ Vn) TfeSCiH t5fCfe«i:V>. fct, 

ae*©#*EL*^owjftT**i*tiT#fci ova 

TT-oemJBEffif&kl. ^Jta^yhOft (n) #tJg*5 

[0 0 2 9] ttHZ%^}t>^ir. *M©tiEL^ 
tt. «*©#«EL*?itt|ftl,TtK^©«tt;<$i* 

*r*. *r, se*&©*mel *?©*£». 

ft K B tfcfl! L . £ jfc © t tt&ft ft ft 1»« 

*?**tti»5fr©.fc3fc: 

m%mz. jiHPJM>£ffl<-r«. -a. *^b^cd#«e 

fg. fcL<tt*tt6UC£*©ttS«T***t. n<g© 

[0 0 3 0] *JI9!©*ttEL*?©|M&|Mi 
£©WI©iUPtt» 3«©*fc**S«ft:ir:y h©8WtJg 

teEL^PWB&nlSC&tK •€•© (5?fa~7 h©) (1 4C 
»CMRtt*H©T. «SmKJP©MR«&». SE*S 
tlELif©iWfi!)5l/im$®x.&HCt^ 
(«tO*ttlCSiJ-tt«2 0 0 0 A (2 0 0 nm) fitTT* 
■oft) . B»«E*i2 5 veTFTi&SCtfc^nr&tL 
T<r»fc*fc«*Tt>. *««©** EL*-f 14. 

!5k od a k#W. #BSBS5 9- 1 9 4 3 9 3#&«. 
^BSBg6 3-2 6 4 6 9 2%^, *MI¥2-1 5 59 
5#&«, *fflftfrtfl4, 5 3 9, 5 0 7#|^§. ft 
*4. 7 6 9, 2 9 2 *f l§!SfS4, 8 8 5, 2 1 50 
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1 491Mft#JR) 

"Tfcbfc. *3MJ©*«ELJim;:t4. «SmBUP©± 
Rt>B»l«E©±l8<&*f24$s ©±Rt># 
«ELftV». aasffl#«EL*^tt. SEib«E©± 

»tt**£ifc&$5 (W/W) ©flST£ffl<fc*W-C&ofc 
**. **«©#« EL **©*£«, n«©«3tta=y 
h«««W£#ft;£tt5£B3teBMMtEE (turn o 
n Vo 1 t age) ^fcBSnffift^r). fifoT0fS» 
*fc#*fc©©«fiEt>K-n«t£*a», 

(W/W) ttefcL-fc^Ctfcfc*. 
[0 0 3 1] *fc. ^3fen.-. y h#t«0£F&-*-S4:&91 
©*«ELJ|H t ©il3fctt«AtUTtt. *?fifc©£|ft 
tt*ft«T**jft*t*#5*i*. «*ffl© 1 «©3S3fc:i 
-v hL^#L«t^*«EL*?T»4. KMazyh 

same?- ics^-r-s tf >*-;p^©^#Titffi. 

t3ttoTL,*53fl«. *3fiW©**EL*^0»#tt«a 
IBWWWJP 1»©T. fi»©£*tt *»ft "FT -5 C 4 « 1> fc 
.kUv *-5#^©^rL--y h*tgJftLT^fc4LT 
t>. ffi©»*:i:^y M4ttftfcbT«#WC*D. * 
**4#3*»©*Mi»4H»T#*. 1*fcS«SEB»T? 

[0 0 3 2] ■£-©«&£. 0J*tf. fMvh'J^Xilro 
**f X^K Lfci^tt, *S5SS©« 
'>te. E»«ftlc,fc.5*jEfcT^£«©S£±#«&# 
E L <D®% CittT** < <S«T# 5 uiS 
t©j«T"b, *f6W©#*EL3R?«Jfili«- 

e»«ffi*^3l5©« ; f^ittTi«<r>Ci»4. ffiSffiStlc 

*Jc*L (5 VT1 0 0 0 c d/m'©«g£#<=.tt5 
Slf^i, 5 0 VT1 0 0 0 c d/m'©iWS<&#e.ns 

tfc«*©»*ftTca«r»»*a#-r*fc*(*T+» 

T*5) . fcfc*-CSAE«»»©*£EI*T*«/hS^*56 
W©JlHF«ia©f»«t*ft-3T. a*©3KTTI4TW« 

/H X ©*^$ x. bJIBT?* -5 C t **»-r -5. 

[0 0 3 3] H*K*a«*^-K*6-a-**& 
ffl*. 1»»^»W*«a*ffl«4LT#AfcP*K:t>WB© 

ELS(HFK:*l»Ttt» SS^^f. tttiTO«Cft«S 
ft*aW«S»»oJtttJlt (~i O-'Q • cm) (4, & 
^©ttjgft (~10 «Q • cm) Ktfc^T2ttrS**(r» 

IC^S«JI (V) (fcL<(4«JgE (V/cm) ) *tft 
T-r^^c©. »JRA9i:«««»iS«4S^-C©l«Ktr6 



■( } 

( 11 

19 

^©<fc?ICfi)rM©«g£^.5l;:fKLX, fiE*S!;£flSEL 

£<o bnmfezKz <i&&-ctn\i> mm&&T*:&m 

[0 0 3 4] *5SWK*ttS«flr«£li©Jt»tt 
ttl. OXlO'Q-cmPiL »JL<ttl. 0X1 
0 s Q • cmHJtitH»l:i TO^OitttW... 

(~10'Q- cm) &<0$\t&fr\ZJ*\ / ->&.)&<Db<D% 

■fcX + fc#«tti*KieiH-©*»xy 7Stl»lffl>'-r F 

* v» . t * 5 w- s £±umm £ ft s c t *»m 

[0 0 3 5] i811 #««©-**«*-T?*3£-«E 

m&2. 5S^O.->y h 3- 1, «ffifg4S4 - 1 , jBfc 

i-7h3-2, *$rf84!4-2 mffi 

58£!4- (n-1) , 383ta-y h3-nt¥k0Mi 

(i) oss. (inii i. a^iim 

S2. 36*3.nyh (3-n) (fcfc*Ln = l, 2, 3 

) . RS*S5ttflfti©£*-?$r) i itwsafii. 

oxio'q - cm^±omn.ff3mm\t.(omm^m 

(4-n. fttfln-l. 2. 3 ) tJ;r>Ttt«6 

ftftW8*a^?h (3-n. 2. 3- 

L£^©SJrbV>;&T&*. 

[0 0 3 6] «ELim ««tffi©ft-2tt 

»©-OT**tt*B»«t*?Ol*tt (IBft*E$) £ 

sm^fg*;! 4-n «*sxttfcnj&<, nsms^i^iic 
LTv>*tfftA (*») i£*-;uaA mm.) »© 

[0 0 3 7] «Atf. #«M£|4-n»6ltlA 
ifiltm^ttASr-r^^lCtt. ftgH¥ 1 0 -2 7 0 1 7 1 

*t&$8*i$W2 001-10217 sn&mizffl^zti 

XU-SioK. «*8£l<DIMIICiftTSj|&lxT. 

ig-r*^js£ojg^jB*^^4*^ffiAJi*#-r-5©*i 

Fi— .K-/t>M4, 7JW&U& 

h. 7;p*'j±a4Ratf#±»^jB©-3%*»6a*?s 

©^tP^A® <P © K*- F-/t> h£R©qE;Hfc*tt. 



) #M 2003-272860 

20 

*T*<fc£4fefc*fLT0. l~10T»4OA<jlfiU). 
COtMWO. l*S»Tli. F— /t>McJ:D«7C 
StifcttT- (WT. F-fc! 
>f»*tft/hS<. 1 0{g£j@;L-5<!:. K4>®F-rt> 

■KamMfcttTT * ©T. H-t>^©^*fcT*<o 

10 -KtKo&t^aA^SSft*. 

[0 0 3 8] %ft=L-y Hi. 1ffi?g£II©|S|& 

«t»-r*iitbT. 7;p*u^«, 7;p*u±«4jj 

^5nm£lT, ff^KIJO. 2 ~ 5 n m©Jf 
«?ttAl**-r-5«I^Tfet>Tt>«t^. C©«JP*t5 
nm£j@x.£<!:. «©»»***** LTL* 3 iHfir 

&-f -sctx. ^^^cjtc-rscit'bflienT^s 

fcte&LXUfc^. 

[0 0 3 9] *fc«Atf. ft«HtrX£ie4-n«^|ft« 
a^lRllC*^ ttA-r*IRICtt. 1 1 - 2 3 3 2 6 

2 ^iiffi^ffi 2000-182774 (*f 
B^WMI 6 3 9 6 2 0 9 ^?g*ffl») (ItJRftX : J . E 
ndo, T. Matsumoto, and J. Kid 
o, Jpn. J. Appl. Phys. Vol. 41 
30 (2002) pp. L800-L803) \Z (#§£#& 

£K<tr?T) Bs^snTv^m^ttAi*. m#5g£jf 
©RffiflicKw-s c©^-f7©^a 

AS«7;i/#'J&JIW:*X 7JP*U±a*JR-f^->. 
*±JS&JS-f *>££tKfc£#±f::7;PS:=.£A$©8& 
Bjctt*»£**LXtt£JR^*>S£JBttBKa*U 

xas r-5-©«K^4^jij tflrasnaa*. *^?g© 
**©«£tt^a7cttaK£«*KLxKa^sj6K 

^. a*5, ^©^fi^ffl^n-5f>a7c^jg«^{k-&ti , t i 
40 ©4jR-f ^>$a7c-r5B#icif.«gEfb$nx. 1. 0 

XIO'Q - cm£±©Jt&8t£#f S&fcttfcS&C 
(i:tf5 '«»©' tttft^WlCfil 0 nm 
KT©KJPfc*"*U. flmX7C*KOK)|i«<l 0nm« 
ffl*«tSEa7cE«:c*#La:v»*RH^3*t3affLx 

(«»») ttwt**3tf3j»rj^awtts-et)39«*ton 

XUS3. ) 

[0040] Sfc09^.tf±E© r-g-roJisjs^fieij k 
«EfflSnxuS7;i/*U&JS-f s!->, 7**'Jd*M 

50 (#P8¥1 1 -2 3 3 2 6 2 #4i^#PB¥2 0 0 0 
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- 1 8 2 7 7 4#&&) i-ase$nT^5#«^jBSift 

[0 0 4 1] *6fc. ±te©ftP§¥l 0 -2 7 0 1 7 1 
2001-102175 *f-&«, ! 
1 -2 3 3 2 6 2 «&«t>ttH 2000-182774 
^&S8 (KJ6XBHM1F&6 3 9 6 2 0 9 ^WifflS) ©& 

^s^-fy©m^aA mat) mfcafaTiwr*©* 

»«SC) £1* #g§¥ 1 0- 2 7 0 1 7 1 2 

0 0 1 - 1 0 2 1 7 5©&EK-£>yiI£filfg&JPT 
(ffi«St«?l«M)liLT) «BLT, 1 

1 -2 3 3 2 6 2^ft«^H2 0 00-182774 

l». S&53"fyoifSA (MB) Jf£S 

feT^ffltSitT. a*©#*EL*?0!)»S»c8S-r 

2-0 0 2-2 7 36 56^W«IIC»*|CBUT**. 

«flr&£a (©n&ft) ic&T-swtt r-eoD 
tayfl s ti*** i 7)Vfi ij ^s^oft^ws^stt^ 
ffif^4**^*3t^.->y ^©m^aABta^gMtti* 

it. 

[0042] &m#feii4-n*>eit« i 

1 -2 5 1 0 6 7 3£*ft>ftH 2001-244079 

oftt»*-*ttA*«s-r*i:t3j*r**. arse, a 

&*) Ji£^0)cLT. *-;PffiAStLTt>«fc^. C© 40 

Kftt3 0nmOTtT5©^l<, 0. 5 
~3 0nmOftHtT5©*W*LH. &JP#3 0nm 
£j@x.-5<h, ft©i§jll¥#M'>LTLa:5£^Rt(;:. S 

[0 0 4 3] «T§${tfk^#) (WXlft^i) tL 

Ttt, »fc*iHtt*v»*». mumivk. jut* 

2&, B0itWi2&. i&fc7)l$-V&. &{t7)US.- 
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A. 3ffM>yW, 5aHfc7>^EX 5 7?fl* 
*. 3 7yfc«*»©Ji«fl:6*rt»DDQ (v->7/- 
i?^no4r/» . TNF (h"JZhD7MI/y' 
» . TCNQ (Th7->7/*;y^^» . 4F- 
TCNQ (rh77WD-f h7->7/+7^^ 

£*) ©^WWi. tiftSftKJtlTO. 0 1-1 
0©«HTJ&*©*t«F$tl>. K-/t>h©Jt$#o. 

T. ©jMEMEjltf. K 

[0044] s&. ««m£M*M-r«Mofi:9H 
OKxtft^) *«fflua<Tt). asBtanyh 

fc#UT*-;M£A?JIB&»&j8*».&. SfciKC:. &g 
©*ffifis| 2 ir^Lfc «fc 5 IC. W§B;KXKfk^fe*^© 

[0 0 4 5] *«WC»tJ*363ta=y HcS^T. H 

«£*©*$ e l m^izmm snr*fc*f axH^*- 

[0 0 4 6] *£H©*ttEL^©j«KI»M». ft* 

sfc, i&H-©7'D-tr^s<6riafciftr)jg-rtu5i# 
T-te-T-n-tzizmmwfrvtg, ztzmmttGmm 

£ft&«fc 0 "b A»fC<£fflf 4fc»«jS3 x h fciSf < fc-5 
(#12 0 0 1 -1 53 3 6 7^W«»fc*l»T«*bfc 

£*) i o 0X£iE^*«c:&4fTft«. 
[0 0 4 7] *5eW©#tHEL^*«|fiK-r-5# 

T&S&{fcfe£©*ja!KiS£ftffl-r54§Stt, 
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■7?x-?frt> (*<MW*j*K3n-cir»<&> mwtzmmv 

©&« ©«a©it*Km^ *E»r*EWHi*»»t4 
■ttfec- o**-#y.h©*Bi«© 

h£X/ty?lM tt#B2 0 0 1 - 1 4 2 
6 7 2^WiBB##R) ft. 4E«9l<!>«WS£ao9AlC 

[0 0 4 8] *«±fcJ*gt£n*±T©lft. x 

«»»ft*S+C*V»Tftl»-r* ottcto awtxttj?. 

*#S«ft -t®TiS©*J»X 'J 7 ftWtt LfcttffiT-t© 
TlJlSiCtsmf-^: co*«Kftl:. ttX 

*s«©*8¥iE©T£K:tt«3-frT. gfeii*»«© 
»sari^t«3iE-r**i«io*»xij7ft*A--ra** 

#ftfc«fcoTdUIW-5::ia«T** (^12 0 0 1 -1 
5 3 3 6 7 991Mft*JS) . 

[0 0 4 9] *»W©**EL*^»4, t£*©W 

3f&<g (AX (2n-l) /4. fcfc'U n=l. 2. 
3 ) T?**l*K« l b»»*©«3ttS»»ft#*i:i*« 

KfcSJlTUSC **i«±CW«KftJP<J« 
KLTt». B»«EE©±#ftJa<*:»*T*r>fc. 
[0 0 5 0] L-frU iUti©^ 2 0 0 

1 - 1 0 2 1 7 5^«IC*V»T. ftfiWBSCttT* 

©as-afcttftawcawrtttf, KJPft 1 umSKc 

SMfc*"** hJMHK) jJt**<«fl:-r*itft|l!*U 

OIS«fBk« (AX (2n-l) /4. fc«U n=l. 
2. 3 ) cgHe&ftTtvTnft£t*£<ft«&. « 

<ftD. «fcK^«P#l/4l»©«#MM» (AX 

(2n) /4. fc£U n=l. 2, 3 ) CKiSS 

ftT^T, n 7C©fl3tet:-?&B© 
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■ *«R#fii5S*IJB*»5*6li. #383ttffiK*» 
&3tEit«a*T©fflt»ftlK«lCfli!|ffll1-5i<!:*^^ 

-e&4. 

[0 0 5 1] *&a»C. £©J:3&*bU>IM&!MW 
l*fftti (£©«£l4|»ffi«gati§iJ!«ffiift4) *n 

it ft « « t * ft t ft * t h wa>©« » 

C. 3tR»«ffi^fi&ffi*ffiT*4«^J4KI»aSffi-?-tl 
&»ffi««;£6H;:#«ET4'>ft< tfe-Bfltft 
©iR«IIJIft#LT^tl«J:V». £te*»-*©« 
ffi<W*^aS»IBft#LT^tl« (C©»^»4fe5-* 
©««**»Pi««£fc4) HSWfcttKftTfcfraafciB 
B"S"*raHK#*T4fc*6*fc< ft*. 
20 [0 0 5 2] TE*18«CSlxfcJ:5K:. *»9i 

MtLt^T. »»»fcBfa©fifi553t*»»5n4u: 
[0 0 5 3] 

«Tfc*ilWft*tfT*«91ft;S&K:8»K 
l»WT**«. *««ttJlttl::J:DIR££n*fc©Tttfc 
t». ft*. &JRfttf«ft8£j|©j£ltfc: 
30 {4. B*e-xy*«*a**«ftttfllLfc. ftftttR 
©l*BtaflE©«» J ?>BW©IW»»4»JI*«K»ftlt6ti 
T^4. MIlfOTlt^ltri'-CRTM- 
8 0 0 0 (ULVAC (B#X£i£ffia) W ft^ffl b 
fc. jsKK»©%KKjP©a£i:t4. x>n-;p 
(Tencor) ttfiP 1 0*fl-SCaSS«-ftffl«r»fc. * 
^©ftttlWCtt. ^r-XU- (KEITHLEY) ft 
V-X*-*2 4 0 0. h73>BM-8«&H-£&ffl 

EftO. 2V/2#©tteT?*T-y:/ttK:BlilDUT, « 
40 E±#l#«©ll*fttfl|««ftM&l,fc. *fc, EL 
X^i7h;H4. Ste*hxi7XPMA-l I*7?13)I 

[o o 5 4] mmmi (se*©#^EL?!i^©^Kcsj- 

•fi***^©*!) H9tC*Ufc«l*jSft#r4a* 
©**ELJ|HPftTB©.fc3fcLTfl«Lfc. #5X« 
<g 1 _ht'«. 891l»S«ff2 ttT. ->-HffiSt2 0Q 
/□© I TO W >i?0& ■ Tf SKfcft, teffi^ttSX 
^y^«»flfcb<t4B*«^7Xa»-f*>yu-7 1 

so ^>w D ) a»»»je/t*->fc3-hsnTv»* [0 



1 0© ( 
£40 C 
•5a-N 
T70O 

ft. X\z 
I25£: 
[<t7] 
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a) #R) „ -£-©±lc, #$$Jfi£&ffl&JgY3, 

01 o© (b) j *^ixT*-;n*attt#r 

PD5l0-'tor rT"C2 A/g><D^ifjig 
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ti&fiS&ffl&JgVX^ 0 mi 0(0 (b) ) *^LT 
*-;M3iii££*rf-5Xfc:D-NPB£l 0-' t o r r 

tt-, 2k/®<nmmm&T'8 o o k<nm^\zmgkL 

*<D±K. fgft« l 0 t LTTIBSC : 




# (BIT. Al a £Wt t, 
«3tfi»T**^7U>»»# (iSfi£ : C5 4 5T 

(KODAKtfi) ) £, £©«#£*# m**©» 
«&tt«J:3fc&40S*att«mi,T4O 0A©JP 

s) *tK-bT>£$n/S:*^ttA»8fcLT. TESC: 20 
Hfc8] 




T^nSAV^n-f (Cs) £t 

MT1 : l£&«J:3C*4eg*aufceHlEUT2 
OOArojpSfcjjUtL-fc. jfcfc, 5 £ LTS^I 

«4IYX^4 1 (01 0© (c) ®m ZfrlT 30 

a i *mm&& i o a/b>ti o o oaoi^iciiil 

fee COX8fcJ:oT383e«*tt. «0. 2cm, «t 
0. 2 cm©jE3rJB#£&4 (010© (d) #fig) . 

nztiitm^nftytz.-*!; vivtm 1 6 tc^-t. £©*r 

«ELJlHPfcJ3^T. i^&mgT&S I TOtlifg 
T&3A 1 i©r B 1lC. itffiflESBIJllOUT. fEftJI (A 
1 q : C 5 4 5T©#^lrJI) ^ "=>©&&%# ©fg#tt 
£*£(✓£., 02 1. 0 2 2 Rtf02 3 ^©O^n -> h 
tt. -H-Hftl. C©«^ (SW1) ©»g (cd/m 
') -US. (V) Hffi&S (mA/cm') 40 

(v) »tt. nmrnm (cd/A) -msssss (mA/ 

cm') £7KT£7 77r&5. Sfc, £©*^©f£ftSl 
^€Ett2. 2V?$>r>tt. 
[0 0 5 5] &mM2 (Se*©#«EL*^©^fi^J- 

ffftR**^ ©«)• 0 1 1 iztRLtzmmm&mTzft 

f^SSbfc. #7X*l£l ±Ktt, HffiSSH«ffi2i:L 
T. ->- hjgft2 0 Q/D© I TO (-f • TT 

3-h$tlT^^> (010© (a) #8§] . ^©iilc^T 50 




Tg£ft.5Xfcfn-DPVB i £, 2A/g>©^*fiiK 
T4 0 0A©JPStCfi£KLfc. tt££ftj|lo® 

±ic««p0ij i &m K-t>^«^aAi 1 1 
tLT. nvir-fwt >t^jg-fex^A (Cs) 

itTl : liftS«t5»wft*O||3taaEftll»LT2 0 
0A©»aicriUtLfc. ^€S5<ttTlifSfig 
Kffl&EvXiM 1 (01 0© (c) £fl-LTA 
1 £&*3gl 0A/#fl 0 0 0 A©JP2^if Lfc. 
CO!SICJ:oT*3t«*»4«0. 2 cm, $0. 2 c 
m©IE2r»tti:&* (010© (d) #JR) . ffStifc 
^ (S*p0iJ2) ©5g3fc7.^ MP£0 1 7<D£M\Zk 
Vtz. C©#ffiEL^?Ct5^T. HffimST-ifeSIT 
Ot^SSffi-Cfe^A 1 iOWC, KiiMlEESrEljDL 
T. fgftUlO (XkTD-DPVBi) *»6®#ft5S* 
©tH#tt£afl£Lfc. 02 4, 0 2 5Rtf0 2 6*©<0 

yn^htt. -eti^n, £©jfr? (IW2) ©»g 

(cd/m 1 ) -«E (V) »tt. (mA/c 
m') -«JE (V) tfft. S«t#l¥ (cd/A) -HffiE 
(mA/cm ! ) f§t^77T»5. C©^© 

[0 0 5 6] **M3 EL 
^fe5E3t*?©W) 01 2lC^Lfc«JI«jg£#T-5ft 
*©*«IEL3j5^Sa*«9Jl t^«CTIB©<fc5CLT 
f^SLfe. #7Xg«l±t;:tt. $lI8|l5m«2i:L 
T, ^-hffi^2 0Q/D©I TO (-os^a-tt 

(010© (a) #1) . -?-©±{c^ 
«%fi£ttffl^JIIVX£4 0 (010© (b) ) &^LT 
*:--IU»iH4$rWr-5a-NPD«: 1 0-6 t o r rT 
X\ 2 A/#©HifjiS-C 7 0 0 A©JP$lifi)4KLT, 

©±(C. ^JtSl 3 t LTA 1 qt, %&%ftm%&m 
^DCJTB (KODAKttS) C©S5tfi^ 
*U£*%©»g£&5J:5f'&4©i!&»gft£|HgL 
T4 0 0A©ff$(CfigKLfc. HgS!^gl3± 
CXWiiHW:. &JSF-t:>y«^ttABi 4t 
LT. ;\*y^^D-f >t^jg-fev^A (cs) *^e;nf 



( 15 

27 

A©jpsKfi&BiL;£o r*s«s 5 1 LT&m&m 

MI7X^4 1 (010© (c) #1) S^tTA 1 
^iflll 0 A/$>T1 0 0 0 A<DJP£j&3|fb/c. I 
OISfcJ:t>T«*««»4«0. 2 cm. 80. 2cm 

o]E#*tt&&* (010© (d) #iS3 . 

dOt*EL*?l:*l>T. ©SttffiT-abs I TO 

ttt««ttt?**A.l.t©IBIC. itSitttE^fflniLT. . . . 

fgftl (A 1 q : DCJTBOM*!) *6«)*fi56 
^©^tt^ad^Lfc. 02 4. 02 5Rtf02 64>© 10 

+7nyM±. ^n^n. c©*^- «W3) ©«g 

(cd/m') -«E (V) tfft. mWi®m (mA/c 
m') -flffi (V) »tt, (cd/A) -*» 

(mA/cm 1 ) 5iti/77t$5. Z.0)M : F<D 
%5tBlte«JEtt2. 2Vr&?tc. 

[0 0 5 7] («*36£J1*«V, O, (5«ft/t 

ttfrTS. **miHUJ*#T. (010© (a) 3 
K*UfcHf€/"«^->C3-K*nTlr»* I TO±K* 20 
85^(£Kffl^JBvx?4 0 (01 OO (b) ) 
T. 8*a-vh3--l*j«BlLfc. -f&fcS, a-N 
PD£6 0 0 A. Alq:C545T=100: 1 ©1 
£4 0 OA. /V;^D'f>t4it5'l)A (Cs) © 
g£H£2 0 0 AroiSCIMKbfc. flfJfB& 
JSH-t!>^lco±(c«^4l4- 1 ibT. V.O, 
(5«ft/t^S?»>A) £. EScSSaiiS 2 A/fJ>1? 1 0 0 A 
©/P£fcj$&L£. £0«*£» l b*4Mb£IUlftll 
V7.£4 0 (01OCO (b) 3 ZftLT&mi>tz. & 
\z, *MHflttKAAIl7^jr4 0 (010© (b) 3 © 30 
**. MJ£®ia£fe^-««*0jgbT%^a--y h 3 
-2MKLfc. T&frS, O-NPDS60 0A, A 

1 q :C 54 5T=100 : 1 (MJt) ©d£ 4 0 0 
A. rtV9-fu4 >t&m±is02± (Cs) ©}g£Jf£ 

2 0 0AOfSI:. |*SmS5 
£LTf£g)^ffl&JBVX>?4 1 (010© (c) 3$ 

^lt. a i zmmmmi oa/s>ti o o o a©jp$ 

K**U (010© (d) 3 lzmLft/\9->&ftt 

0. 2 cm. 80. 2 cm©IE*^<h^t?fc. ^©# 40 
tgELSH^Kfc^T. I TO£&ffi*« 

T-&3A 1 £©MK:. it«tmJE£EpJDUT. fg^JI (A 
1 q : C 54 5T©*^#1) *»6©»fi5BJtt©K1*tt 
£«d5£Lfc. 02 1. 0 2 2&tf0 2 3+©nyn-y h- 
tt*tt-£ft. C©^ ($ttfll) ©WS (cd/ 
m') -miE (V) «»Sfte (mA/cm 1 ) -« 

E (V) (cd/A) -miS^S (mA 

/cm') ^t^7 7t$5. CO*?0563tBB*Wt 
ffitt4. 4VT-&D. S*MU©* : F©5j:5E2«© 



) #W 2003-272860 

28 

oTtt^£ftT2H#?£-rSd©W®EL3l^hfc. glp 

s^W) a<. 2fgifi<fc^#<i^±bfc. c©*^ 

(IU60U) tt. 5fftAty9i» (V,O s ) i:*-^ 
•att^fCftSJ'J-^SVft^ll. a-NPDt 
©»?MT»ftja7cE*K«t bT 
t»5 (V,Or + a-NPD') £%*.£ft. 5BHtA± 
.(V, 0,1 Jl£ a -N.PDfc©JH!W*.#$t£JI. 

H 1 6 t«*Tf Sr. fSftX^? H^S^T-St. X 

zpflsj i ©x^? h;u<he«-aufc*i. vivo* 

0©5i67ta- -y h©^. SSJfcdMUfcSHteL^y h 3 
- 1 i^6056**«ttSTE»an. ^©^gTWSW^; 

[0 0 5 8] *IStSJ2 («ft&£ltf#1itt0>&ftte«| 

fiE^nr^^^) 

®*r« el mmmitmmmz, 

(010© (a) 3 \Z*Ltzm%.rt?->izu-h2tl 
T^ZlTO±.\ZHm<totfL&m&m-?7.9 4 0 (010 
© (b) 3 fcfl-UT. ^^a--y h3- lSjfcKL-fc. 
T&fc>S. a-NPD£700A. (A 1 q : C 5 4 5 
T= 1 0 0 : 1) ©H£4 0 0 A. A* 7 ? T'D-f ><!:& 
d-trvCA (Cs) ©»£JI*2 0 OAOJPSfcJftfcriE 
■I Lit. toe**F-t£>*l©±C«l(rR£l 
4-litT. Tf23£ : 

Kb io] 




T*£tt34F-TCNQ£j£BI&gl A/g>T'2 0 A 
©JP^fw^MUfc. 2 — TN ATA (A*> H — 

fb^S) £fi£«aSlA/#T-5 0A©Jl$(Cfi!c)KU 
ft, C©m#fg4Sfc#a»fi£Mffl^JSTX^4 0 (0 
10© (b) ) ZfrUTl&mVtz. 

^stx^4o (010© (b) 3 ©££. taai©xg 

£*>5-&*i9 5ILT583ta- -y h 3 - 2 £«Lfc. 
f^t)^. a-NPD£7 0 0A. (Alq:C545 
T=l 0 0 : 1) <DM$:4 0 OA. AV^yp-Oi^ 
JUri"? A (Cs) ©Jg^l£2 0 0A©^$tC. MX 

X^41 (0 1 0© (c) 3 £^LT. A 1 
lOA/tTlOOOAWf^CIfL. (010© 
(d) 3 iZKVtzrt?->Z&TZ>G®ELm?*'& 

ft. mxm\z&r>T?tft®mm o . 2 Cm . ito. 2 
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30 



sust** i Totfemnmr&zA i i©f a ii:. a 

SlE«jEE£f?ira LT. (A 1 q : C 5 4 5 TO*l 

»!) ^S©&fe£ft©ii1#ttft8a£L;t. 02 1.0 

2 2Rtf02 3+©+7n>;/ Ma^-n-en, 

(*fffl2) ©ffg (cd/m') -tffi (V) ftft. 

(mA/cm 1 ) (V) fcft. *fiit^$ 

(cd/A) -*«SBS (mA/cm 1 ) $it^77 
(&ttff2) «. IBJOW^Bftft 
*T**4F-TCNQiJh-JHfc3itt7U-;i'75> 10 
»^T»*2 -TNATAOW#«^HF|Hn?««»illl 
#ft)gSfcLT^£i:#;L'E>n-5©T (4F-TCNQ" 
+ 2— TNATA* ) , 4F-TCNQIt2-TNA 

CO*fTB»«=3 0cd/ra' 1 
2 mA/cm 1 ) a**>6*-<rfc«aB»**«T3J»oTb 
ImA/cm'g&JKT©® 

HT*ntf. &Mnm%im-z 2 5 . 6cd/At^5. 

*3t3.= y h# l<I©fi£*I!#«gE L*?T»iJi^W 
fl&fcte#fSS*l. #«»©*Tfc€ffiS£JI©^fi!WtnJ 20 

[0 0 5 9] Hi£{aj3 (2I©^1Z7 h©*3t^^ 
liifctt. HSS^mS2tLT, ->-bi£i5i2 0G/ 

□© I to (-f >s?9A • rflftft*. Mffi^ttKXA 

??ft*A) JWJrJfe/^— >fc3-hSftTH« CHI 
0© (a) . -tO±*»6. lM2iHi;iiT 
ti«Iffl4i-7X^4 0 (110© (b) ) ft^L 30 
T*-;i/»i§tt^*-rSill2©^fc:o-NPB (COV 
I ONttfi) ft 1 0"' t o r r "FT. 2A/#©^«fjf 
St8 0 0A©JP£l;;j5£KLT. 58*a=y H3-1© 

n-DPVBi (COVION*t83) ft. 2A/8>©^ 

*f»an!4 0 OA ©/?$(;: (SHU ivj*>-fu 
-f >t&m±zsOA (Cs) ©g£Bft 2 0 0A©JP£ 

\z&mhit. ^tc &£m tHu<, m#fg£B4- 
ltur. v,o s (safc/^s^zo ft, &mm&2 40 
A/g>Ti 0 oA©iP$irfiemufe. £©*ffi!g£i*> 

fffcftJfcKffl&IHVXiM 0 (010© (b)) ftfrb 
Tf&mLtz. '&\Z, 5£ft3-~y h 3 - 2 O-fr-JMSkM 
«tUT, t^U< (I-NPDS7 0 0A©Ji£ 

3tS7tfe*T*-5DC J TB (KODAKttS) ft. d 

©s»tft 1 m% ©sg t & 3 <t -5 © 
«*«»bT4ooAowafcriaibfc. sett. s*p 
«twi;</'cv*:/n-f >t&m±~>v& (cs) ©s 

&Sft2 0 0 AOJiSKlfcilLfc. g&f;;. ftSft&5 50 



tvxfemf&mm&m-?*? 4 1 (hioo(c)# 

B8] ftfl-LT. A 1 ft&»jiK 1 0 A/#T 1 0 0 0 A 
©/P£&*Lfc. e©Igl:<toT%3tMBS0. 2 
cm, $0. 2 cmWIE^Jgtti: &•£> (010© (d) 
. HSI0lJ3T'^€.nfc#«EL^©^^^i7 

h;pft0i 7\zmmrm-r. j:o#«EL*^c*ir> 

T, I TOtBMSftffiTi&SA 1 <h©Ri] 

t-. itS&mJIftWtaLfctClS. 2 ^©»3tl*>&®* 

6, **»&nfc. 

fc*? (03 9 (b) ) ©«*««*5kT*X*H3 9 
(a) fc^f. X-^CHfcttftHSLfc. 02 4, 02 
5Ktf02 6*©D7n-y ^©^ (S 

*P0I3) ©fflg (cd/m 1 ) -«EE (V) #tt. 

(mA/cm 1 ) -MS. (V) fcft. (c 
d/A) -«8iE«g (mA/cm 1 ) GTjk+ifjyCb 

0, 2 ©ift^ (2. 6 V) tgifStfUS©^? 

(2. 2 V) 0«*H»mE©ftt«cr5Tt»*. 

(*Jg0SJ3) 0tt£t>*ffE0!l 1 £FMt£. 5& 
ftrtti"5A (V,0 5 ) i*-;Hi2ltt» : FTf**7 , J 
-A75>ft§ll. o-NPDtO^lllltgftlSg 
JfcfcJ:S«*f*ft«##a-(fcLTir»-& (V,0,- + o- 
NPD') t#A6n, 5ftft:/X*-?9A (V,OJ 1 

5. 

[0 0 6 0] 3li!0iJ4 (3fl05fi*^yK*#U *» 

C©HSSfisjTti. 0 1 8 lC^T«»*jfi*'fr-t-5*^W 
©WSIEL*^^iSig-r?,. *«^3ftffl«LT. 

■eno*«K*«p« 1 1 n u«i#t. (0 i o © 

(a) ] IC^Ufc0f^/1^->Cn— h$tlTt>S I T 
O±K#«ttjaafUiaJKv;*0 4O (010© (b) ] 
*^LT. 563tJ-~ <y h 3 - 1 ^(SlLfc. rftte*. 
a-NPD£7 0 0A, Alq:C545T=100: 

101S600A, A*v£7n-r >t&m±i"y& (c 

s) ©«^JI*1 OOAfflffSfcJB*. 3 ftroSMtoiK 

4-liLT, V,O s (5Rft/^5?«5A) ft. fi£K^ 
«2A/#T3 0 OArojpSlCJ&l&Lfc. i©«#%4 
St>#«|!»fiKKfflife)Bvx^4 0 (010© (b) ) ft 

(01 0© (b) ] ©St. i[^©Igftt>5-g^0 
IlT*jfci=y H3-2. h3-3ft)B^ 

«0WCa-NPD*^*ritStlS*-;Hi2Ui 
©MJ?ft3 0 0A. 5 0 OA. 7 0 0 A©3«SlCt>tt 

3M|©*Pftft5«LT. 1$ttftJtl5ELfc„ -r&to*. 
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3tSc©gffi£*-ft-efta-NPD£3 0 OA. 500 
A, 700 A. Alq:C545T= 100:1 (SS 
it) ©IS6 0 0A, nvv-fu-i ><h&JB-fe->£A 
(Cs) ©fi^S&l 0 0A©ff$K«g£j*8tLT. fg 
h 3 - 2 &l!fC«ffifE£B4 - 2 i: 

n. v,o, (5g?ftA*^v>?A) £. fmm&2k/ 

e>T3 0 OAWJPSICfiSclBILfc. ^bTt,'5-gMIS^ 
ntX£iig5gL;t. f a — N P.Dj£_3 0 0 

A, 5 0 OA. 7 0 0 A. A 1 q : C 5 4 5T= 1 0 
0 : 1 (&mit) ©H£6 0 0A. )\V t>-fu^yh& 10 
JB-bvOA (Cs) ©g£JI£ 1 0 0 A ©fp £ I'AI&fS; 
I8ILT. h3-3^ESSKLfc„ ift&K, gff 

IffiStLTlliSKffl^I?^^ 4 1 CS 1 0 © 
( c ) ) £5>LT, A 1 %m%mm l 0 A/tJ>T 1 0 0 

oAomzizmmv* (01.0© (d) j k^lua? 

S^liiEO. 2 cm. mo. 2 cmOIE^tti&o 
fc. d^#«EL^tc43UT. fi§ffi«fiT&.5 I TO 
tilfit'i&SA 1 «Sit1tE£EPJjDLT. 

(A 1 q : C 5 4 5T<D^*H) £ ©&fefg 20 
7c©l##tt£jll£l-*:. 02 7, 02 8&tf02 9*© 
O. □. +7o-;/ Mi^-Jveti. #}E©3«gi©BIJP£ 
*"TS^ro»S (cd/m 1 ) -«E (V) « 
ffi%& (mA/cm') -«E (V) «fft#* 

(cd/A) (mA/cm 1 ) 
T*££. 02 9lC*£ft.5iI9. g&£38g©KP£ 
^TS^tl^ft©*?©^^ (c d/A) 

&t£Q> %K3--v bz-2, 3 - 3 <D*-)m&mm 

JP#7 0 0 A©t>©tegiS5 4 8 c d/A&g^tiSi 
^#f»nfc-^. fgJtan-y h3-2, 3-3©*- 30 
hWMMflkWftZ 0 OA, 5 0 0AOfcOlil8cd/ 
A. 2 8 c d/AiS©g W^f.tl»^f;. fSfta 
— yhZ-2, 3-3 (D-fc—JlW&MtikWtt 7 0 OA© 
sH^fi, »fi:^r^St^l6cd/A (4 8 
cd/A^-3) Kffi^LTfc.O. £T© (3ffl©) flft 

fiB^^7ts»*®T^^A 1 mm^<D%^mm (* 

MfRJftSSf^^^CfcfcW) #£Tl/4i£fi©B&« 

?ut>%, xm^ornGteA 1 lisicifi^^e. 

fg7ci£g©l/4&;l. 3/4&g, 5/4MC6o 

(Safk^nfc) *^SS«»J (HM^J 40 

4) 0 3aa®3g^ro^3tX^i7 hMil 9II^T. 

^fc**is«»i (nsg0ij4) 4 , -c#^nfc^rortT, m 

itS©«Sit#J^ (4 8 cd/A) ^"fS^©^;*^ 

[0 0 6 1] *ifi0iJ5 (2<@<D^3ta-^ htO^^X^ 
M) 50 



3feWS«^ffl.%LT. ^JS0y3<>:lilS(g-(OyD-t:7.T 

KOViO, (5&{bA*:>-v£A) ZftVTmmVtztf. 
d Z.rte%X3-->y b 3 - 1 Off fifgft&Bfr 

mz%ft3--y H3-2CO«-NPD^e«6l(^tl5* 
-;Mi;£JI©ffilJiE£ 3 0 0 A. 500 A. 7 0 0 A© 3 

. mm\z t> # 3_«s©s.«kj&i&.lt. £a&? 
^©isii&ft^ate&frte. nmm3tm--iz$>z. 

0 3 0. 0 3 1RZ*0 3 2 +. OZfUy H±-£" 

n-en, ^©3agw)g)i**-rs^owg ( C d/ 

m') -IE (V) mtitmm (mA/cirf) -« 

E (V) <HH4, m8S^ (c d/A) -«tSt&& (mA 

/cm') sgf^77T*^. #ssg#i mm 
t. 03 2(c^$n-sao. m&z 3mm<Di&m&ifr 

ZZrftZtKDmTonffigim (cd/A) tt*#<*fc 
0 . y h 3 - 2 ©*-;M&iiJIBIJia* 7 0 0 A 

©fc©te. ftS8 c d/A*j8*.a*«3MM*»Stifc 

^^^--^ h 3 - 2©*-;maiwp*t3 0 0 

A, 5 0 0 A©t>©«6. 5 cd/A. 4 c d/Agg 

fcTo-DPVB i <D^7tfiB*^7tKW«®7?$.-5A l 
*l/4MO»3fic^TW8 (Sjg^k^nfe) M 

[0062] mmm6 m$t%<jimo)mmmiz&?zm 

««BI**2 0 7SS2 2l:E«© r*©»EiS4rtJij T* 

«>o. »*JS4(ctB«$tism#5g4i$*fi)c-r 

* (a) t (b) *tjB^*nT^**?) 

04 1 \z7*?mmm&zm?z>*mwoii®.E lm?* 

SififS. S*0ijl iHDWC. (0100(a)) 
{C^Lfc0f^/t^->tC3-h$tlT^-5 I T0±i:t 
tSftfiEKffl^B ^ 4 0 (010© (b) ) 
T. 3«7ci--y H3- 1 ^fiE^bfc. a-N 
PD56 0 0A, Alq:C545T=100: 1©H 
Sr7 0 0 A©Jf SCHCtjWUfc. ^©Jg^iS 

{ft 1 1 1 




l i q tmsE-rs^t^ab-s) 1 oA©i?^ir« 
ut. *#t««7c^iit lt a 1 zmmm& 1 a/s> 

T-l 5A©J¥SH^»L. r*0«£j££jftj|j ftgjft 
Lfc. ^IC, WE f^o^S^^Biclj <D±.\Ziiffi%$L 



( 1 

33 

!4-l£LT, V,O s (5»ftyt*S>$£) ta-N 
PD©g£i (^E;Ht$ ;V,0, :o-NPD=4: 
1) £. fiEMi§ft2 A/fJ>T2 0 0 A<DmZ\Zi$,mL 
ft. CO«ft9K^a«>#HlttiE£Rffl^||7^^4 0 (0 
1 0© (b) ) £frLTE£»Lfc. #«!g5BEIiffl 

0 [01 0© (b) ] ©Si, 
**3-flEll08UT«*a=5» h 3 - 2 £fi£ffilLfc. 
•?t£t>%, a-NPD£6 0 0A. Alq:C545T 
= 10 0:1 (Sfiit) ©Jf £ 7 0 0 A. L i q £1 0 

KHf&ffilffl&JBvXiM 1 (010© (c) ) ZftL 
T. A 1 Sr^KfiSS? 1 0 A/g>T 1 0 0 0 A<DIW£\zM 
*b. C01O© (d) ) \Z7fiLtU\5>->Z%?Z>y$ 
«EL*?«»fc. &I8C«koTS83fc«t«tt«0. 2 
cm. $0. 2 cm<D]EJjBtf.tti?tz. CffltlEL 

Ss^c^t. &§*i«lTa&£ i Tot&sms-e&s 

A 1 «h©P B 1l;. SjStmJBEfcEPJjOLT, Sftl (A 1 q : 
C 5 4 5 TO^fl) *^©»fi^©Kt*tt*M« 
Lit. 04 2, 04 3, i4 4MS4 5tJ©#^Dy 

Mi^n-en. z.om^ mm.m&) ©»g (cd/m 20 

') -HE (V) fcft. (mA/cirf) -«EE 

(V) ««EJ»« (cd/A) -mSt^S (mA/ 

cm') fcft. (Im/W) -»fg ( c 

d/m') f*tt*«-J-^57Tr*S. SfcttlfcOfc*, 
fl»Eail»*«r«tttt«T (ITO/o-NPD, 6 
0 0 A/A 1 q : C 5 4 5T= 1 0 0 : 1, 7 0 0A/ 
L i q, 1 0 A/A 1 ) £ffr5gU04 275M04 

■ l:ioTtt«ISftT2 li^fiE-T * C ©*« ELSf 

=Hhm *«. 2fem<\z±$<fo±vfz. jio*^ 
(v,o.) t*-;matt»?T**7'j-;P7s>ft 

a-NPDt ©#? ffiT&{t:»7cKf£; «fc S 
&K)^fr#£/&LTl<>-5 (V,Or + a-NPD') 

as ft, smtn-rvok (v.o,) ia-NPDroi 

0iJ6Ttt, ^©«SJS^EfeM£«i^'rs^H (ir«32 

o© (i) ) a»7**u*jR <±E*««TttL n -r 

*>**t»*«*SM8#0**>6«*SnTt»**t, A' 40 
V*7*n-f >*A 1 q£©fmii£ttfcS$&£fg:fi«& 
^{^©zg&lT'&oTfcJ^ (±BftM 2 0 0 0 - 

18277 4*a*i#jK) . nrMm«mTh 

zffl^ftT&O (#BBHX: J. En do. T. Ma t 
sumoto, and J. Kido, Jpn. J. A 
ppl. Phys. Vol. 4 1 (2 0 0 2) pp. L 
800-L803) . a*SMMiELJtfF©ttfffcttT 

sm^aAiK&fflstiT^*©-?, ±mgmwtmm 50 
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[0 0 6 3] («ffif8£g§©itigijt (Q • c 

m) ©SJ^) 

Jtisfet (q • cm) ©an^fttt. »ai^©jtjggi©tt 
(u>>?) tc«toT2as©^ffi-cai)£Ufe. $i©h 

(0 3 3 Rtf0 3 4 C*T*> H-f » ^«Jfi©it«ttff 

flsffl*ip) r*is*fft». ^iimmE (v) £*«j«»» 

■toft* (cm) (^SOSSffflKJII) 3ft>6»6n*« 
«E (V/cm) t. (A) &«tt*ttft«M 

mommm (cm 1 ) (a/c 

m') t<D& ( (V/cm) / (A/cm') = (Q • c 
m) ) *>S*fflLfc. HDSIStttfflnsit^K-fvf 
»ifi©it»StfftfffiJ||^tt, TgEW^ffi-Cf^fi-rs^t 
**T*«. 03 3tt, itttdtffttffiJK70¥iBH. 0 3 

4«^-©»f®0T*«.s. A^nica^jsM. iffl^i^ 

flltC01O (b) CiSn5>'tH-TX?4 0Sfiffl 
LT2mmffi© I TOigl 6±fc («^l;i0 2mm 
«§©A 1 MLkfc) #»fefe«ffi%£JIJB->-v, 

^ LTttwft* 1 8 mmvmm t&* «t 5 ex* 

U *&Cl^i;< 2mm(S©7;P5-^A«Sl 7£ I 
TOtil 6t*3cf SJ:5fcfifiltUT. tt&ftffffffl 
3HP£feg?L£. f£2©H££«. Jtt£#Ji£}£iit©/Jx$ 
^*»C»UTaa4:Sn**«U. Mg«ig©i±jgtn: 

MM*?£jB»Tiift'r&. -r&*>s. 03 sftzng 

3 6 fcgsbfciSlC. 1 9 ±©H— 3p®±lc^66H 
S20, i»g2 1 i:^^Sffi$R)f«m8l (L cm) Rl 
TTs£MSnfcfe©£ffl.mLT*t. fWiiWWI 
#12 2©^*»)R$Rlf^o|iOi|i (W cm) 
xiJ7«€ffl^S-7X^£^UT, ^fS©K)P (t c 
m) ^©«-&#6tl5««E (V/cm) 

«. b«o«e (v) (l cm) t»lt 

mtiStt. (A/ cm') ttSSSSSit (A) £ 

«ss*t«en5««©»fffi8t Cffli^iiwx t c 

m') •vmLTM&ZtXZ. i©«CLT#etlfctt^ 
(Q • cm) ^ffajLfe. 

[0 0 6 4] 03 7 izttm<Dmm®mz*-r. &mjz 
®v>mm\z. 1 to mwmmttm . v,o s (*5£w 

C*tt*««f5841) , V,O s i:a-NPD©^^lftt 
(V,O s : a-NPD = 4 : 1. 1:1. l : 2©38 
«©*;Mfc) (**WK*»t*««r«4H) . V.Osi: 
2-TNATA©*l»jg CV,O s : 2 — T N AT A = 

4 : i (*;nt) . *semtzt5»&nm%3:m , a- 

NPD, Cs knV9?u<i >©#^»IBt (Cs :AV 
^7"D-f>=i : i (iE;Ht) , ^a-yhifCDff 
SAD ), Alq, (583fctt^) T**. I TO, V, 
O.£a-NPD0**»R. RcKV,O i( !:2-TNA 
TAOftlfgtt, Mg«ig©tta:Stff«ffl^^-cffli£ 
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(Mfiffi) U a-NPD. Csi/W^D-f>©* 

mum. ai q.tt. u->K-r yf-mmntti&Bmmm 

L-fc i1i->My9-m o £6Ka-NPD 
\Z-Z>^T\tn®fr*><Dn$H£KZ*-$. "J 9 (ohmi 
c) KfSfc*. *56WO«»56±Jloai*T*5. V 
i O s <t a — N P D(Dg^KS:i^«ffilC«-r-5»S8^lC 5 0 
Aiil<Ml/t±-e. 1 0 0 0 A©JI£©a-NPD 
Jfcfr >M4 v TLTMfe bit.. V, o, IK?*»T. 

-O- I TO 4. 6 X 1 0*' Q * cm 
-•- V,O s 7. 2 X 1 0' Q • cm 

-A- (V.O. : a-NPD=4 : 1) ©ftft#Bt 

2. 0X10'Q-cm 

-O- (V.O. : a-NPD= 1 : 1) ©#£*K 

3. 6 X 1 0' Q • cm 

- + - (V,0, :a-NPD=l:2) 0*|fl 
2. 9x 1 0 S Q • cm 

-□- (V.O. : 2-TNATA=4 : 1) Oft ft* 

gg 5. 8X 1 0'Q ■ cm 

■0->F-fy?tt 

— A— ITO/V.Os/Al 2. 8X10'Q 
•cm 

— T— ITO/o-NPD/Al 1. 5X10" 
Q • cm 

-■- ITO/V.O, : a-NPD (50A) /a- 
NPD (1 0 0 OA) /V, 

O s :a-NPD (50 A) /Al 8. OXIO'Q 
• c m 

-X- Al/Alq./Al 6X10"Q-c 
m 

-I- I TO/C s : lVJt)y*U<i >/A I 2X1 
0 s Q • cm 

tit. V,0.£a-NPD©#aHH*©B£it rtJWfr 

jg^L^^b, c©**K:J:oT*>« : F»»»::#'5afl:a 
TcRfSofiFffi (o$o«ffi£lMB#©Jgj£) *^it*h 
t*50, v, o, ©«tt«?»tt««**-Mft&ttft 

S C ttf*im-C&Z> Z\ttfftfro1Z. 
[0 0 6 5] *»WlCOV»T±e*IWWI*#Jit-D"3 

ttft<, &&©BW£:ifctt#5E'?li©SS©«&Hrtt::*5^ 

[0 0 6 6] 

[5S9i©»*] aiR*l/tJ:5i:. #««©=&« EL 
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ft#©W«EL*?-eKm£L$fca>ofcS 
«£Si^T©fi*fS»5il7£3|giT£. S?#8I3. 
|gg:©5e^a-.y h&tf«ttg£ff©£KI«lcK*xU 

»6ffl<«t3«i:»ff*eSfc-a-r. Lfc^oT. 
10 ett*H»T*. S5»g, «JMrOtlEL»?S»* 

«fc<«j&ixTaft-rana:*«T#*. *fc, Bi9J££ffl 

fc. ¥&^HJ£X#tjg©S*x^x7U<£JSffl{aJi 
Lfci§£tt. ^149, B»iSfi[K:J:*«£EBT**«0 

[HS©flMiftKi|J] 
20 [01] fg*©*MEL*TOftflMMft*Kri»lH'V 
<fe<E> 0 

[02] *»ipi©#«EL*7©»fHi**sTK9iH 

[0 3] *«W©*?C*tt*«»#S*««£Ji<p© 

)V<D&Wl £ STt&lJl 0T & -5 . 
[04] #«ipi©*?K*ttag£Kffi*»»£Ji«P© 

30 [0 5] 7 V—)V7 S. t SWUtrtl-W&O)* 

[06] 2-TNATAt4F-TCNQ(OWlRy 

[0 7] o-NPDt7»fl:Ur>7AO*iUIIR0«^ 
BI©®:<KX^? HI'HT**. 
[0 8] *X«O««REL*?O«H«lifi«^-ritt70r 

[09] sqmiTfraifc**EL9re0«Mi&* 

^kTBS^»t®0T&-5. 
40 [010] (a) ttaWB«««3jt3-hSnfc^f7X 
M^tiTSO. (b) (iW«»^Kffl^JB-7X^ 
©«ff££ST0T-;&9. (c) f*&ffijjK«Ji&JSVX* 
©«f&£^-r0T&9. (d) tt3tff©*ME£jj?-rHT 
ffe<5<> 

[011] »*mTtt«Ufctf«EL **©«■*» 
€:^TBS^®fffi07r*-5o 

[012] aWM3Tfittbfc*«ELMtf©flUMI& 
£*-fB&?K»rS0T;&-5. 

[01 3] mmTfi«ixfc*aEL*?0ftjiiia 

50 £*-flB&^l$r®0-t:£-3„ 
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[014] $ttfl2TfEaLfc*«EL*?©1MMIifi 

[015] UlSflSTflsKLfc^fcEL^foaifciS 
* tSI" I&tSBt ffi m T * 5 „ 

[0i6] mmm i . aikm i Ritgrnm 4 r^mvtz 

[017] *«fS0i]2> £9fl3fttf£Jgffl3Tfi«Ufc 

[018] *IIM4TfMls&*aELX?<!>1tMtifi 
^^-TK^»fE0-Cab-5. 10 

[019] %mw4-vi?Mvrz3mm<»m?<D%%z'<. 
[020] gffMs-cfraufcsaao*?®***'* 

^ h;p0T$>5„ 

[021] **{SJ 1 , *fi5f»J 1 KtftfeJSfll 2 TfMI bfc 
[02 2] ftlpfll. *JS0!lfttf*lWI2Tf1«L& 

[0 2 3] SqiMl. *MS«lRtX*lt«2Tff«Ufc 20 

#n e l onm%im-nm®m¥t&i7R?tf? 7T 

[02 4] «1PM2. «»«3fttf*lSfl3TfMBLfc 
*«EL*?OH«-«£E»tt*w-ry?7T*S. 
[0 2 5] »¥0iJ2. £90l3&tf%ttfl3-ra8lfc 

S. 

[02 6] 2 . »M*3fttf*ISW3Tf8Kl,ifc 

fiEL *¥©«tt*ft*-ttft«Ktt 14 Z*-f>f y 7T* 

30 

[02 7] 3W8«4-CfP«Lfc3aao#aiEL* : pO 
If flE - £ 5k"T 7" y 7 T $> « . 

[02 8] **W4TfMLfc3aa©#«ELJlHP0> 

[02 9] *««4TfP«l/fc3a«eD#«EL* ; FO 

[03 0] *IS«5Tff«Ufc3aiao^r«EL*^© 

[03 1] **«5T#«Lfc3afBO**EL*^0 
S^££-mBEfttt£^-f7*97Ti&-5. 40 
[03 2] **«5TfP»Lfc3liao**EL*?0 

[03 3] *>H-f 5>^«ig©Jt»tti*ffiffl3&?©¥ffl 
0TS-5. 

[03 4] *>H-f y^ifiOJtttttfftffflSlfFCBfiB 
0T*&-5„ 

[03 5] 3feB*ifi©JtffiStffffiffl*?©iFffi0-C* 
5. 

[03 6] Me«jg©lt«Sii¥ttffl5R?©»rB0-c* 



(20) ftgg 2003-272860 

38 

[03 7] IM*«T?««Ufcft^iM€J|Cta-r*fc»© 

[0 3 8] (a) 11 #8200 1- 2 2 5847^1 
«»fcB*©#«E L*?©«3tttt«fc*-r9*T* 

o, (b) a. £©w*el *?©«!«& *7jvr*Hi 

0T&£. 

[03 9] (a) tt. *^^©*il«3-e^SJLfc*fil 
EL*?©«3fctt*«jKT9JlT*9. (b) Ht, £© 

[04 0] V,0,ta-NPD©*HJ»il©fi^lt 

i:H:fitit©S^^*1-^9 7T^-5. 
[04 1] *&fl 6 L*?©«B4liaeji* 



[04 2] *&fl6&0^S*a**?«tttt«?© 
[04 3] HJM6fttfft3lEa«liB««t-«tt1A«?© 

- «Etttt £ 7* 7 7 T * « . 
[044] MM 6 &&ti»9*a 

[04 5] *««6ft^*g*j6S# , r5tt:*l3lH t © 

1 39!£« 

2 ^BJH@«@ 

3-1 3B*a=yh 

3-2 Ma-yh 

3- n 363tJLz:yh 
4 - 1 €ffi?i!£g 

4- 2 %m%*m 

4-n *ffifg£S 
5 

6 

7 £%■ 

8 MTiZXM 

9 *-;Kftiga 

i o f&m 

i i «^aAg 

1 2 
1 3 

14 m^&xm 
i 5 

1 6 mm 

1 7 mm 

1 8 

1 9 £« 

2 0 11 
2 1 

2 2 



( 21 ) 



#Bfl 2003-272860 





m 

e 


i] 

* -4 — 










I e - 

//// 


//// 

h + — 1 









[13 2] 




[H3] 



tttttttt 



lis 




o 



7 y -»7 s ><t%® t t>h£nmxim* 



[M4] 



f 


A 

ft Hi 


Sip 






t ▼ 



o 



AL 



( 22 ) 



2003-272860 



010 



0.16 



0.12 



0.04 



[H5] 



[06] 



2-TNA.TA/4FTCNQ 




I i i i I 



800 1200 1600 



2000 



17] 



800 



ims] 




5 i&sms 

3-n y V 

4 -(nrl) WmSzM 



4 -2 

3- 2 %yt=L~vV 

4- i «$r&£Ji 

3-1 
1 



[09] 




7. ISte&ft® (A1q:C545T) 

6.*-mhui (o-npd) 



( 23 ) 



2003-272860 



0] 



1 8] 




1 1] 



2 ams mmm 



- 10.&ft^ (spiro-DFVBi) 
-9.*-;Mfc£® (spiro-NPB) 




KT 5 lO- 3 10" 1 10 1 10 s 
(mA/an 2 ) 



!l 2] 



13.?&tm (AlqrDCJTB) 



( 24 ) 



2003-272860 



1 3] 



12 1] 



Cs: lVJ$-fu<i > 



C545T:Alq 



a-NPD 



C545T:Ala 



a-NPD 



} 



} 



3-2 $8#a-yh 

— 4-1 ttffiSfc^JiCV^) 



3-1 f&#:i-*b 



[01 4] 




C545T:Ala 



a-NPD 



C545T:Alq 



a-NPD 



} 



3-2 ffcfcX-yh 

— 4-1 (4F-TCNQ ) 



0 5 10 15 20 25 30 35 40 
®BE<V) 



} 



3-1 h 



[015] 





I 1 








DGJTB :Alq 


a-NPD 


Cs : Bathocuproine 


spIro-DFVBi j 


spiro-NPB 



} 



} 



— 5 

3 -2 h 

— 4-1 «^%*JiCV 2 05) 

3-1 (WftfBfc) § 



[02 2] 
o «W1©#* 



S^fllffi <»««*> 




( 25 ) 



2003-272860 



[01 6] 



[0 3 3] 



3R 



mm i ©aw****** 





[0 17] 



[02 7] 



i — 1 

300 



3 <OHfr <Mfa£*>tt<D K feSJWf) myar-«PDCTO>C545T doped AJq{60yC. doped BrfwoujarfaKlOyvaOSPQ) 




' — I — 

400 



500 

(nm) 



i — | — 

600 



— , — 
700 



1 — I 
800 



/«-NPD<xyCS45T doped Alq(60)/Ci doped DalUxupt w*0 0)/V2O3(3 0) 
/ a -NPD(iyC545T doped Alq(60yCi doped BrthocuprDineOOyA] 

o x-70cm 




34] 



18 



15 



[03 6] 

21 20 
) |t(cm) ) 



if 



22 



( 26 ) 



#M 2003-272860 



[El 9] 



12 9] 



/ o -NPDCWVAiQg ^4Sn60>A^^hocujroto e aa)/AJ 
my «-NFD<70>/AI V C64STW/C^^ 



nXVa-NPD(70yC543T doped Akj(60yC« (toped BaAocupcoiD«<10yV2O5(10) 
/ o -NPD(xyCM5T doped AWeoyCs doped B*ftocupnni»(l 0yV2O5(30) 
/ a -NPD(xyC545T doped Aktf60)/Ci doped BilhocupcouieQ 0>'A1 






( 27 ) 



2003-272860 




[H2 6] 



[02 8] 




-i 1 1 1 1 r 

10* 10* 3 lfr* 10-1 10° 10 1 10* HP 10* 
««OK (mA/cm 1 ) 



rrO/a-NPD(70yC545T (toped AltffiOyCi doped 
/ O -HPD(xyC545T d«p^ Aiq<60yCi dopad 
/ O -NPD(xyC545T dcp*d A1^60ya doped 

o x=70nm 
□ x~50nm 
+ x=30mn 



0yV2OS(3O) 
!10yV2O5(30) 

;ioyAi 




( 28 ) 



2003-272860 



[0 3 0] 




[03 1] 





( 29 ) 



2 ) 

#W 2003-272860 



t0 3 7] [04 2] 




to-". 



10 _1 10° 10 1 10 2 10 s 10 4 10 s 10 6 10 7 
*«E(V/cm) 



[H39] [040] 




( 30 ) 



&m 2003-272860 



14 1] 



14 3] 




3-2 Wt^yb 



4-1 

CVgOgto-NPD 
3-1 ft*3Lnyh 



1«« (RIHW) 




144] 



14 5] 




id** lor 3 ict* io~ l io° io 1 io* lo* 




i<r 3 io" 2 icri iqO l0 i lz p 10 4 10 s ^ 
«*(cd/m 2 ) 



(72)«9!# # g 



F^— 3K007 AB02 AB11 AB18 BA06 CC01 
DA06 DB03 EAOO FA01 



